The effect of abrupt coronary artery occlusion on regional teft ventricular (LV) function Is well known, but serial changes in circumferential regional function over the first few hours have not been extensively investlgated.
Circumflex coronary artery occlusion was produced in nine closed-chest, conscious dogs and changes in LV circumferential function were assessed using two-dimensional echocardiography (2DE) performed in the short-axis projection at the mid-papillary muscle level. End-diastolic and end-systolic frames were manually digitized and regional area ejection fractions at 22.5degree intervals were calculated using a fixed diastolic center of mass. Endocardiai motion abnormality was measured from a circumferential regional ejection fraction map. The extent of wall motion abnormality was measured as that exceeding 95% confidence limits of normal controls; the degree of dyssynergy was measured as the planimetered area of the extent of wall motion abnormality. Following circumflex coronary artery occlusion, a wail motion abnormality was well defined with a minute of occlusion and its circumferential extent measured 146 + 16 degrees with 11 + 2 cm? absolute degree of dyssynergy. These parameters did not change over the course of the coronary artery occlusion. We conclude that circumferential regional abnormalities produced by coronary occlusions are well defined early and do not change over the first 3 hours of acute ischemia and infarction. (AM HEART J 112: 447, 1986.) Andrew J. Buda ment and in the superior vena cava for injection of drugs. The catheters were brought out of the chest through a subcutaneous tunnel to the back and were secured to the skin between the scapulae. The chest cavity was closed and the pneumothorax was evacuated. Catheters were flushed daily with 1,000 U/ml of heparin. Antibiotics were administered intramuscularly prior to and following surgery. The animals were allowed to recover from surgery for 14 days.
2DE acquisition.
2DE was performed with a commercially available phased-array sector scanner and a 2.25 MHz transducer, with the animal in the right lateral decubitus position on a table with a cut-out that allowed transducer placement on the right lateral precordium. The best acoustic window was determined and was marked externally with ink to insure reproducible positioning of the transducer, In some animals, the transducer was clamped in place for the duration of the study. In those animals in which a clamp was not used, there was an attempt to reproduce the same angulation of transducer position using the 2DE image as a guide. Care was taken to visualize the same region of the papillary muscles, using the shape of the papillary muscles as a specific anatomic landmark. 2DE was performed in the short-axis projection at the level of the midpapillary muscle and was recorded on a %-inch video cassette recorder in real time for later review and analysis.
Protocol. At 14 days following surgery, each conscious animal was studied. After baseline 2DE studies, the left circumflex coronary artery was occluded. Coronary occlusion was associated with typical ECG changes and regional abnormalities on 2DE. Serial 2DE studies were recorded at 5 minutes, 1 hour, and 3 hours of coronary occlusion.
2DE analysis. With a commercially available minicomputer based, video digitizing system (Diasonics CRC, Milpitas, Calif.), end-diastolic and end-systolic frames were selected for analysis. The end-diastolic frame selected was the one demonstrating the largest endocardial area and generally corresponded to the onset of the Q wave in lead II of the ECG. The end-systolic frame selected was the one demonstrating the smallest endocardial area and generally corresponded to the end of the T wave. An experienced operator carefully traced the endocardial border directly from the video display with a digitizing tablet. The papillary muscles were excluded from the endocardial outline but the midpoint of the posterior papillary muscle was identified for rotation correction. Endocardial motion abnormality was calculated by means of a radial contraction model. In this model, a fixed external reference system with rotation correction was employed. The reference system superimposed the external calibration scale for both end-diastolic and endsystolic frames. The centroid was identified on the enddiastolic frame by means of an algorithm that separately sums the X and Y screen addresses of every point enclosed by the outline and then divides each sum by the number of points considered. This centroid, which represents the averaged location within the outline, was fixed for the end-systolic frame analysis. Thus, there was no correction for systolic translation, which in our experience tends to minimize wall motion abnormality. However, there was correction for rotation by using the midpoint of the posterior papillary muscle which was fixed at 135 degrees. The error in identifying this midpoint position is +5 degrees. With this coordinate system, the endocardial outline was divided into 16 sectors by creating radii from the centroid to the endocardial border at 22.5 degrees over the full 360 degrees. Regional ejection fraction was calculated for each individual sector as: end-diastolic area minus end-systolic area/end diastolic area x 100% (Fig.  1) . By the use of these regional ejection I"ractions, a functional map was derived for each normal and occlusion condition. The 95% confidence limits for each of the regional ejection fractions was determined from the baseline studies and the lower 95% confidence limit was used to define the lowest limit of normal. With the lower confidence limits, abnormal regional function for each occlusion condition was expressed as the circumferential extent (in degrees) and degree of dysfunction (centimeters squared) measured directly from each animal occlusion function map. The extent of dysfunction was measured at the curve intercepts between the occlusion and normal maps; the degree of dysfunction was measured as the planimetered area of the map that was abnormal (Fig. 2) .
Statistical
analysis. All values are expressed as mean -+ standard error of the mean. Statistical comparison of hemodynamics, regional ejection fraction, extent and degree of left ventricular dysfunction at serial time points was made using a one-way analysis of variance (ANOVA). The probability (p) was considered to be statistically significant when <0.05.
RESULTS
Following coronary artery occlusion, there were no significant changes in heart rate and mean arterial pressure. However, each animal developed within seconds of occlusion an obvious wall motion abnormality in the region of the posterior papillary muscle, corresponding to the perfusion bed of the left circumflex coronary artery (Fig. 3) . By 5 minutes, the endocardial wall motion abnormality was well defined and the circumferential extent of American Heart Journal loo - Table I . As illustrated in Fig. 4 , the shape of the functional maps did not change over the duration of the 3-hour occlusion period. The derived parameters from these maps, namely circumferential extent and degree of dysfunction, are summarized in Figs. 5 and 6. There were no significant. changes in these functional parameters, which were well demarcated at 5 minutes and remained stable over the subsequent 3-hour occlusion period. Since the classic observations by Tenant and Wigger@ a half century ago, it has been well known that regional contractile function becomes abnormal within seconds of coronary occlusion. More recent sonomicrometry studies13114 have demonstrated that the regional abnormality sampled by implanted crystals remains abnormal for the duration of the coronary occlusion, with no significant changes over the initial hours of occlusion. However, it wasn't until the development of 2DE that the two-dimensional spatial characteristics of the regional ischemic abnormality could be defined in greater detail. Our results indicate that the circumferential extent and degree of dysfunction of the left ventricle in two dimensions are well established within 5 minutes of coronary occlusion and do not change significantly over a period of 3 hours. Previous 2DE studies have largely concentrated on attempting to size myocardial infarction by means of the functional abnormalities measured by echocardiography. Most of these studies have found that the actual infarct size is overestimated by Che functional abnormality, which appears to correspond better to the ischemic risk area of the myocardium.2-5
Serial changes in LV dysfunction.
Although a number of studies have examined the ability of the 2DE function abnormality to size myocardial infarction, relatively few studies have examined serial changes in the two-dimensional characteristics of regional dysfunction associated with coronary occlusion. Nieminen et aL4 found that abnormal contracting segments at 2 hours subsequently improved at 24 and 48 hours. Gibbons et a1.15 found that regional abnormalities following acute coronary occlusion and myocardial infarction often normalized at 6 weeks. However, neither of these studies examined the temporal course of two-dimensional regional dysfunction in the early hours of evolving myocardial infarction.
Our observations were limited to the early time course following infarction and demonstrated that the functional two-dimensional abnormality is well defined by 5 minutes. Since myocardial necrosis does not occur until approximately 20 minutes following acute coronary occlusion, this functional abnormality is entirely related to the severe ischemia resulting from coronary occlusion. Myocardial infarction is known to occur in a wave front phenomenon, occurring after 20 minutes of occlusion and progressing from endocardium to epicardium over the subsequent duration of the occlusion. 16 Since regional endocardial motion did not change substantially over this time, it is unlikely that cell necrosis independently produces any further change in systolic function in addition to that already induced by ischemia. The methodology that was used for regional analysis is a modification of that used by other investigators. There remains uncertainty regarding the appropriate centroid to be used for radial contraction analysis. Our method uses a fixed diastolic centroid, which probably accounts for the fact that the regional ejection fractions that occurred following occlusion remained positive despite severe transmural ischemia. However, since we were more interested in relative changes in LV function rather than absolute values, different quantitative schemes would likely not influence our final results and conclusions. The use of wall thickening measures have made the centroid less critical in the quantitative analysis, but accurate epicardial definition is sometimes difficult. Previous studies by Pandian and Kerber*7 correlating 2DE functional abnormalities to sonomicrometry values clearly indicate that 2DE accurately depicts regional dysfunction. Furthermore, Pandian et a1.18 have demonstrated that both systolic wall thickening and endocardial wall motion are equally as sensitive in assessing regional ischemic changes. The primary difference between these two methods appears to be their respective ability to size the ischemic territory.
We have recently found that our method of endocardial wail motion abnormality overestimates the ischemic myocardium at risk, which corresponds better to the extent of the wall thickening abnormality.lg
In conclusion, our data indicate that left ventricular regional abnormalities in two dimensions are well defined within 5 minutes of coronary occlusion and do not change over the subsequent 3 hours in a Oh""""""" September,
